Abstract. Taking into account four universal constants, namely the Planck's constant h, the velocity of light c, the constant of gravitation G and the Boltzmann's constant k leads to structuring theoretical physics in terms of three theories each taking into account a pair of constants: the quantum theory of fields (h and c), the general theory of relativity (c and G) and quantum statistics (h and k). These three theories are not yet unified but, together, they underlie the standard models that allow a satisfactory phenomenological description of all experimental or observational data, in particle physics and in cosmology and they provide, through the modern interpretation of quantum physics, fundamental metrology with a reliable theoretical basis.
Introduction
The scientific revolution that arose at the beginning of the 20 th century coincided with the discovery or the re-discovery of universal constants that were interpreted as reflecting some fundamental limitation principles. It appeared that these limitations are not to be considered as insuperable obstacle but rather as horizons [1] , which means that there exist some rationale to theoretically think what reality lies behind or beyond them. Actually, as says Ferdinand Gonseth (1890 -1975 , a Swiss mathematician philosopher, it seems that the whole of human knowledge is bounded by such horizons [2] : "The previous results have a value that goes beyond the framework of geometry. They concern the entirety of knowledge, we mean the state in which knowledge comes to us, at a given instant: Nothing authorizes us to think that our knowledge, even at its last frontiers, is more than a knowledge horizon; that the last 'realities' that we have conceived are more than a reality horizon." In this chapter, we intend to show how this concept of reality horizon, related to universal constants allows establishing a strong relation between fundamental physics and metrology: just as a sailor is able to determine his or her position on earth by measuring the height of the sun with respect to the horizon, structuring theoretical physics in terms of reality horizons determined by dimensioned universal constants allows establishing a comprehensive reliable frame of reference consisting of standard models that depend on a finite number of dimensionless universal constants, the determination of which is the task of fundamental metrology.
2 Universal constants and the role of fundamental metrology 2.1 The interpretation of universal constants may change according to the evolution of theories What one calls fundamental constants are the fixed and universal values of some physical observables (dimensioned or not) that enter the theories designed to describe the physical reality. There are several possible interpretations of these constants. They can appear as parameters in the framework of some models. They can lead to the unification of previously independent domains. They can serve as conversion factors between physical units. They can also, and this is the main role they can play in structuring physics, reflect some fundamental limitation principles. Actually, the interpretation changes according to the evolution of theories. This is the case for the four constants we shall consider in this chapter.
The vacuum velocity of light c
In Maxwell's electromagnetic theory of light, c appeared as a phenomenological parameter, with dimension of a velocity, related to the electric and magnetic properties of the "vacuum". It is when Hertz reformulated the Maxwell's theory in terms of the propagation of electromagnetic waves, and when he experimentally discovered that the propagation velocity of these waves was compatible with the already measured velocity of light, that c got the status of a universal constant equal to the velocity of light in the vacuum, leading to the unification of electricity, magnetism and optics.
Later on, in 1905, c got a new interpretation, the one of an upper bound on any propagation velocity, translating a fundamental limitation principle, namely the absence of instantaneous action at a distance. The theory of special relativity takes this fundamental limitation into account by means of the concept of space-time, introduced in 1908 by Minkowski, and once this theory has been established, c got yet another interpretation, namely the one of a conversion factor between length and time units.
The Newton's constant G
The constant G allows unifying celestial and terrestrial mechanics in the Newton's theory of universal gravitation. In general relativity, the Einstein's theory of universal gravitation that encompasses the Newton's one and gives it back as an approximation in the low field limit, G is a coupling constant relating the matter energy-momentum tensor and the Einstein's curvature tensor. It may also be interpreted as a constant relating the mass of a black hole to the radius of its event horizon. When associated with c and with the Planck's constant h, it leads to the definition of the Plank's units of mass, space and time, characteristic of fundamental limitation principles related to quantum gravity.
The Boltzmann's constant k
According to the current interpretive consensus [3] , the Boltzmann's constant k is just a conversion factor relating temperature and energy: at thermal equilibrium, temperature is proportional to the average kinetic energy of molecules, and the proportionality factor is k. Since temperature is not considered as a fundamental physical quantity, k is not considered as a fundamental universal constant, it is a conversion factor allowing us to express temperatures in energy units. The interpretation of the universal constants that we are going to propose is at odds with this interpretive consensus, in particular about the status of the Boltzmann's constant. Actually it turns out that the history of the discovery and the interpretation of this constant made to appear several interpretations that do not reduce to the one of it being a conversion factor. Consider first the interpretation by Boltzmann of entropy in the framework of statistical thermodynamics: this physical quantity expresses the lack of knowledge we have about a system obeying the deterministic laws of rational mechanics but in which there exists a large number of microscopic configurations (called complexions) leading to the same macroscopic state; entropy S is proportional to the logarithm of the number W of complexions, and k (which has thus the dimensional content of entropy) is the proportionality factor, S = kLnW.
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